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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
detecting information relative to a surface or sub-sur- 
face of a sample using a photoacoustic effect. 

Such an apparatus is known from IEEE 1986 Ul- 
trasonics Symposium Proceedings, 17th - 19th No- 
vember 1986, vol. 1, pages 407 - 410. 

The photoacoustic effect, which was discovered 
by Tyndail, Bell, Rontgen, et al. in 1881, represents 
the following phenomenon. When intensity-modulat- 
ed light (intermittent light) is irradiated to a sample, 
heat is generated in a light absorption region and per- 
iodically diffused through a heat diffusion region so 
that the thermal distortion wave thus generated pro- 
vides an ultrasonic wave. By detecting this ultrasonic 
wave i.e. a photoacoustic wave by a microphone 
(acoustic-electric converter) or a piezoelectric ele- 
ment to obtain the component in synchronism with the 
incident light, information relative to the surface and 
inside of the sample can be obtained. Particularly, by 
varying the modulation frequency, information in the 
depth direction of the sample can be obtained. Atech- 
nique for detecting the above photoacoustic signal is 
disclosed in "HIHAKAI KENSA", Vol. 36, No. 10,. pp. 
730 - 736, October 1987 (Showa 62). However, this 
technique has the following problem in view of detect- 
ing the internal information of a sample in a non-con- 
tact non-destruction manner. In the system of using 
a microphone, in order to enhance the measurement 
sensitivity, the measurement must be carried out un- 
der the state that a sample is placed in a sealed cham- 
ber with the size of generally several em's or so. Thus, 
the sample size will be limited to 1 to 2 cm. As the case 
may be, the sample must be cut. In the case of using 
a piezoelectric element, the piezoelectric element 
must be bonded to the back surface of a sample. 
Thus, the detecting sensitivity will be greatly varied 
according to the contact degree. 

Then, a system of using light interference has 
lately attracted considerable attention as a technique 
of detecting a photoacoustic signal. This system is 
discussed in IEEE; 1986 ULTRASONIC SYMPO- 
SIUM - pp. 515 - 526, pp. 409-410 and pp. 505-514 
(1986). Now referring to Fig. 7, this system will be ex- 
plained in the case where a laser is used as a light 
source. 

A parallel light emitted from a laser 1 is intensity- 
modulated an acoustic-optical modulation element 
(AO converter) 2. The thus obtained intermittent light 
is expanded to a beam of a desired diameter by a 
beam expander, which is thereafter focused on the 
surface of a sample 6 placed on an XY stage 5 by a 
lens 4. Then, the heat distortion wave created at a fo- 
cusing position 1 30 generates an ultrasonic wave and 
also provides a minute displacement in the sample 



surface. This minute displacementwill be detected by 
a Michelson interferometer explained below. A paral- 
lel light emitted from a laser 7 is expanded to a beam 
of a desired diameter by a beam expander 8. This 

5 beam is separated into two optical paths by a beam 
splitter 9. The one is focused on the focusing position 
130 on the sample 6 by a lens 10 whereas the other 
is irradiated to a reference mirror 11. Then, the light 
reflected from the sample 6 and the light reflected 

10 from the reference mirror 11 interfere with each other. 
The interference pattern thus formed is focused on a 
photo-electric converting element 13 (e.g. photo- 
diode) through a lens 12 to provide a photoelectric- 
converted interference intensity signal. This interfer- 

15 ence intensity signal is amplified by a preamplifier 1 4 
and thereafter sent to a lock-in amplifier 16. The lock- 
in amplifier 16, using as a reference signal a modu- 
lated frequency signal from an oscillator 15 used for 
driving the acoustic-optical modulation element 2, ex- 

20 tracts only the modulated f requency component con- 
tained in the interference intensity signal. This fre- 
quency component has information relative to the 
surface or inside of the sample according to the fre- 
quency. Therefore, if there is a defect such as a crack 

25 inside the sample, the modulated frequency compo- 
nent in the interference intensity signal provides a sig- 
nal change so that the presence of the defect can be 
noticed. An XY stage shifting signal and an output sig- 
nal from the lock-in amplifier 16 are processed by a 

30 computer 17. Accordingly, the photoacoustic signals 
corresponding to the respective positions on the sam- 
ple are displayed on a display (e.g. a monitor televi- 
sion) 18 as image information. 

The above mentioned prior art using light interfer- 

35 ence is a very efficient technique in that it enables a 
photoacoustic signal to be detected in a non-contact 
and non-destruction manner, but also has the follow- 
ing problem. 

The transverse resolution of the photoacoustic 

40 signal is decided by the spot diameter on the sample 
of the laser beam from the laser 1 and the heat diffu- 
sion length of the sample. The heat diffusion length 
is a value peculiar to the sample whereas the spot di- 
ameter d is expressed by 

45 d = 1.22 Xf/D (1) 

where X is the wavelength of the laser beam, D is the 
beam diameter after having passed the beam expan- 
der, and f is the focal length of the lens 4. 

However, generally, the light intensity distribution 

so of the beam spot on the sample 6 has a sectional 
shape as shown in Fig. 8. Namely, there are high or- 
der diffraction components 20a and 20b around a 
peak portion having the diameter of d. Generally, the 
light intensity of the high order diffraction compo- 

55 nents is as high as 16.2% in that of the entire spot If 
a minute displacement on the sample surface is de- 
tected through light interference, this value can not 
disregarded so that the transverse resolution of the 
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photoacoustic signal is finally reduced. This applies to 
the spot diameter of the laser beam from the laser 7 
for an interferometer Namely, the transverse resolu- 
tion of the interference intensity signal is reduced. 
Particularly, the reflection light of the high order dif- 
fraction component, when being incident to the photo- 
electric converting element 13, provides noise, which 
greatly reduces the detection sensitivity of the photo- 
acoustic signal. 

Document IEEE, 1986 Ultrasonics Symposium 
Proceedings, 17th - 19th November 1 986, vol. 1, pp. 
407 - 410, discloses an apparatus for detecting infor- 
mation relative to a surface or sub-surface of a sam- 
ple using a photoacoustic effect. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
photoacoustic signal detecting device which can 
measure information relative to the surface and in- 
side of a sample with a high accuracy by improving 
the detecting sensitivity of a photoacoustic signal. 

In accordance with the present invention, there is 
provided a photoacoustic signal detecting device ac- 
cording to appended claims 1,13. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of the photoacoustic sig- 
nal detecting device (optical system) in accor- 
dance with a first embodiment of the present in- 
vention; 

Fig. 2 is a view for explaining the manner of shad- 
ing the high order diffraction light component of 
a laser spot through a pin-hole; 
Fig. 3 is a graph showing the light intensity dis- 
tribution of a laser beam immediately after it has 
passed the pin-hole; 

Fig. 4 is a view for explaining the polarization di- 
rection in a polarization plate; 
Fig. 5 is a view for explaining the focusing of a las- 
er beam on the rugged surface of a sample; 
Fig. 6 is a block diagram showing the photoa- 
coustic signal detecting device (optical system) in 
accordance with a second embodiment of the 
present invention; 

Fig. 7 is a block diagram showing the prior art 
photoacoustic signal detecting device (optical 
system); 

Fig. 8 is a view showing the light intensity distrib- 
ution of a laser spot; 

Fig. 9 is a view for explaining the operation in a z 
position relative to an auto-focusing system; 
Fig. 10 is a view for explaining the operation of the 
auto-focusing system; and 
Fig. 11 is a graph showing the relation between 
the shifting amount of a Z stage and the output 
current of a photo-electric converting element. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now referring to Figs. 1 to 6, embodiments of the 

5 present invention will be explained. 

First, a first embodiment of the present invention 
will be explained with reference to Figs. 1 to 6. Fig. 1 
shows the photoacoustic detecting optical system in 
accordance with a f irst embodiment of the present in- 
to vention in its block form. This optical system is com- 
posed of a modulated laser irradiation optical system 
300, a Michelson interferometer 310, a signal proc- 
essing system 320 and auto-focusing system 330. In 
operation, a parallel light emitted from a laser 21 is in- 

15 tensity-modulated by an acousto-optical modulation 
element 22 at a predetermined frequency. Its inter- 
mittent light is expanded to a beam having a desired 
diameter by a beam expander 23, which is thereafter 
focused by a lens 24 to its rear focal point 141 thereof. 

20 A pin-hole 25, which is provided at the focal point 141 , 
shades the high order diffraction light components 
161a and 161b around the peak part 160 of the fo- 
cused beam spot as shown in Fig. 2. As a result, the 
light intensity distribution immediately after having 

25 passed the pin-hole 25 provides only the peak part 
160. Since the focal point 141 is also a front focal 
point of a lens 26, the light from the pin-hole 25, after 
having passed the lens 26, becomes a parallel light. 
This parallel light, after having been reflected 

30 from a dichroic mirror 27, becomes a beam spot hav- 
ing the same light intensity distribution as shown in 
Fig. 3 again at a front focal point 131 of an objective 
lens 28, i.e. on a sample 170. Namely, the lens 26 and 
the objective lens 28 are in a confocal relation. Ather- 

35 mal distortion wave created at the focusing position 
131 on the sample 170 generates an ultrasonic wave 
and also provides a minute displacement on sample 
surface. 

On the other hand, a circularly polarized parallel 

40 light emitted from a laser 31 having a different wave- 
length from the laser 21 is expanded to a beam having 
a desired diameter by a beam expander 32, which is 
thereafter focused by a lens 33 to its rear focal point 
142 thereof. A pin -hole 34, which is provided at thefo- 

45 cal point 142, shades the high order diffraction light 
components around the peak part of the focused 
beam spot in the same manner as in Fig. 2. Since the 
focal point 142 is also a front focal point of a lens 35, 
the light from the pin-hole 34, after having passed the 

so lens 35, becomes a parallel light. 

This parallel light is separated into a P polarized 
light and an S polarized light. The P polarized light 
permeates through a polarized light beam splitter 36. 
And further it passes a dichoric mirror 27 and XI A plate 

55 55 to become a circularly polarized light Thus, the i [Tri- 
age of the beam spot (light intensity distribution of 
Fig. 3) after having passed the pin-hole 142 is fo- 
cused at the point 131 on the sample 171 (the front 
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focal point of the objective lens 28). The S polarized 
light is reflected from the polarized beam splitter 36 
and passes X74 plate 37 to become a circularly pola- 
rized light which is incident to a reference mirror. The 
light reflected from the sample 170, which has the 5 
minute displacement generated on the sample sur- 
face as phase information, passes through the objec- 
tive lens 28 and the X/4 plate 55 to become the S po- 
larized light which is reflected from the polarized light 
beam splitter 36. The light reflected from the refer- 10 
ence mirror 38 passes through the X/4 plate 37 to be- 
come the P polarized light which permeates the pola- 
rized light beam splitter 36. 

In Fig. 4, 120 represents the polarizing direction 
of the reflection light from the sample 170 and 121 15 
represents that from the reference mirror 38. Since 
both reflection lights are orthogonal, they do not in- 
terfere with each other as they are. However, by in- 
serting a polarization plate 180 into their optical path 
to place their polarization direction in a direction of 45 20 
degrees, both reflection lights interfere with each 
other. The interference pattern thus formed, which in- 
cludes the phase information relative to the minute 
displacement generated on the sample surface, is fo- 
cused by a lens 39 at its rear focal point 200 and de- 25 
tected by a photo-electric converting element41 such 
as a photodiode. Also, a pin-hole 40 is arranged at the 
rear-focal point 200 in order to shade the stray light 
created in the objective lens 28, the interference com- 
ponent created in a transparent film on the sample 30 
and the high order diffraction light component creat- 
ed due to the minute rugged sample surface. 

As understood the above description, in the Mi- 
chelson interferometer, the lens 35, the objective lens 
28 and the lens 39 are in a confocal relation. The pho- 35 
to-electric-converted interference intensity signal is 
amplified by a pre-amplifier 49 and thereafter sent to 
a lock-in amplifier 51. The lock-in amplifier 51, using 
as a reference signal a modulated frequency signal 
from an oscillator 50 used for driving the acoustic-opt- 40 
ical modulation element 22, extracts the modulated 
frequency component and phase component con- 
tained in the interference intensity signal. The fre- 
quency component and the phase component have 
information relative to the surface or inside of the 45 
sample according to the frequency. Therefore, if 
there is a defect such as a crack inside the sample, 
the modulated frequency component in the interfer- 
ence intensity signal provides a signal change so that 
the presence of the defect can be noticed. A shifting 50 
signal for an XY stage 29 and an output signal from 
the lock-in amplifier 51 are processed by a computer 
52, Accordingly, the photoacoustic signals corre- 
sponding to the respective positions on the sample 
are displayed on a display (e.g. a monitor television) 55 
53 as image information. Now, the modulation fre- 
quency for the laser 21, which is a light source 1 for 
exciting the photoacoustic effect, will be explained. 



The transverse resolution of a photoacoustic signal is 
decided by the modulation frequency and the kind of 
a sample 170. Specifically, in the case where the ex- 
cited light, beam is an ideal single beam and is also 
sufficiently converged, the resolution is given by the 
thermal diffusion length m which is decided by the 
thermal property (thermal diffusion coefficient a) of 
the sample 1 70 and the modulation frequency f r of the 
excited light beam as follows 

For example, with the modulation frequency f r of 
10 KHz. 

for Si and Al, a* = 50 urn, 

for Al 2 0 3 , n s = 1 5 urn, and 

for Si0 2 , u-s = 5 urn. 
Conversely speaking, the modulation frequency is 
decided by required resolution and the kind of a sam- 
ple. 

In this embodiment, the modulated light beam ir- 
radiation optical system and the Michelson interfer- 
ometer are constructed in a confocal optical system 
so that the transverse resolution of the photoacoustic 
signal can be enhanced, but the surface of the sam- 
ple 170 must be coincident with the front focal point 
131 of the objective lens 28. If not, the intermittent 
light beam from the laser 21 is not focused bn the sub- 
strate surface so that the generated thermal distor- 
tion wave and so ultrasonic wave are very weak. Fur- 
ther, the light beam from the laser 31 is also not fo- 
cused on the substrate surface so that the amount of 
the light passing through the pin-hole 40 is largely re- 
duced and the obtained interference intensity be- 
comes very weak. As a result, it becomes difficult to 
provide information relative to the surface and inside 
of the sample. However, by using this phenomenon 
conversely, an auto-focusing function with a very 
high accuracy can be added. This will be explained 
below. 

The beam from the laser 31 reflected on the sam- 
ple surface is branched or separated into two beams 
by the beam splitter 56, and one of them is further 
separated into two beams by a beam splitter 42, 
which are focused by lenses 43 and 46, respectively. 
Arranged on the respective light paths are photo- 
electric converting elements (e.g. photodiodes) 45 
and 48 and further arranged are pin-holes 44 and 47 
immediately therebefore. In this case, the photo-elec- 
tric converting element 45 is located behind the rear 
focal point Fa of the lens 45 whereas the photo-con- 
verting element 48 is located before the rear focal 
point Fb of the lens 46. For convenience of explana- 
tion, it is now assumed that the objective lens 28 is 
chromatic-aberration-corrected for laser light and the 
laser light is focused on the surface of the sample 
1 70. The position of the Z stage at this time is used 
as a reference position. If the Z stage rises to shift the 
sample surface 1 70P toward its plus side (broken line 
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in Fig. 9), as indicated by the broken line in Fig. 10, 
the light amount passing through the pin-hole 44 is in- 
creased whereas the light amount passing through 
pin-hole 47 is decreased. Fig. 11 shows the relation 
between the shifting amount of 2 stage and the re- 
spective output currents 103 and 104 from the photo- 
electric converting elements 45 and 48. By compar- 
ing both output currents in a comparator circuit 54 in 
Fig. 1 , the position of 2 stage 30 can be always moni- 
tored. In this case, the 2 stage 30 is feedback-control- 
led so that the front focal point of 1 31 of the objective 
lens 28 always coincides with the surface of the sam- 
ple 170. Incidentally, although the auto-focusing 
function mentioned above uses the Michelson inter- 
ferometer 310, another laser irradiation optical sys- 
tem dedicated to the auto-focusing function may be 
provided independently. 

In this way, the above auto-focusing function can 
be first realized by constructing the Michelson inter- 
ferometer in a confocal optical system. Thus, even if 
the sample has a rugged surface as in a semiconduc- 
tor wafer with a circuit pattern, stabilized laser beam 
can be always focused on the sample surface. In 
other words, the laser irradiation power to the sample 
surface can be always maintained constant. In FIG. 5, 
an Si0 2 layer 62 and a PSG (Phosphosilicate glass) 
layer are formed on a Si substrate 61 , for example. In 
this embodiment, generally, the objective lens 28 is 
fixed and the 2 stage is minutely shifted. However, 
sometimes, the 2 stage is fixed and the objective lens 
28 is minutely shifted. 

In accordance with this embodiment, the modu- 
lated laser irradiation optical system 300 is construct- 
ed in a confocal optical system so that a minute beam 
spot free from the high order diffraction light compo- 
nent therearound can be focused on a sample where- 
by the transverse resolution and detection sensitivity 
of a photoacoustic signal can be improved. Further, 
the Michelson interferometer is also constructed in a 
confocal optical system so that an auto-focusing 
function with a high accuracy can be added. Namely, 
a stabilized laser beam can always be focused on a 
rugged sample surface whereby the photoacoustic 
signal, i.e. interference intensity signal can be im- 
proved in its transverse resolution, detection sensitiv- 
ity and S/N. 

A second embodiment of the present invention 
will be explained. Fig. 6 shows the photoacoustic de- 
tecting optical system in accordance with a embodi- 
ment of the present invention in its block form. This 
optical system is composed of a modulated laser irra- 
diation optical system 400, a heterodyne type Mach- 
2ehnder interferometer 410, a signal processing sys- 
tem 420 and auto-focusing system 430. In operation, 
an S polarized parallel light emitted from a laser 81 is 
intensity-modulated by an acoustic-electric modula- 
tion element 82 at a predetermined frequency and 
also separated into a zero order light and a first dif- 



fraction light. The zero order light is successively re- 
flected on the mirrors 83 and 84. Further, it is expand- 
ed to a beam having a desired diameter by a beam ex- 
pander 85, which is thereafter focused by a lens 86 

5 to its rear focal point 151 thereof. A pin-hole 87, which 
is provided at the focal point 151, shades the high or- 
der diffraction light components 161a and 161b 
around the peak part 160 of the focused beam spot 
as shown in Fig. 2. As a result, the light intensity dis- 

10 tribution immediately after having passed the pin-ho- 
le 87 provides only the peak part 160. Since the focal 
point 151 is also a front focal point of a lens 88, the 
light from the pin-hole 87, after having passed the 
lens 88, becomes an S polarized parallel light again. 

15 This parallel light, after having been reflected on 

a polarized light beam splitter 89, passes through XI4 
plate 90 to become a circularly polarized light, which 
is a beam spot having the same light intensity distrib- 
ution as shown in Fig. 3 again at a front focal point 1 32 

20 of an objective lens 1 00, i.e. on a sample 1 70. Name- 
ly, the lens 88 and the objective lens 100 are in a con- 
focal relation. Athermal distortion wave created at the 
focusing position 132 on the sample 170 generates 
an ultrasonic wave and also provides a minute dis- 

25 placement on sample surface. 

Thus, the reflection light from the sample 170 
contains this minute displacement as phase informa- 
tion. The reflection light passes through the objective 
lens 100 and XI A plate 90 to become a P polarized 

30 light, which permeates through the polarized light 
beam splitter 89 and another polarized light beam 
splitter 107. 

On the other hand, the first order diffraction light, 
after having passed through the mirror 83 and a mir- 

35 ror 102, is expanded to a beam having a desired di- 
ameter by a beam expander 103, which is thereafter 
focused by a lens 1 04 to its rear focal point 1 52 there- 
of. A pin-hole 1 05, which is provided at the focal point 
152, shades the high order diffraction light compo- 

40 nents 161a and 161b around the peak part 160 of the 
focused beam spot as shown in Fig. 2 in the same 
manner as mentioned above. As a result, the light in- 
tensity distribution immediately after having passed 
the pin-hole 105 provides only the peak part 160. 

45 Since the focal point 152 is also a front focal point of 
a lens 106, the lightfrom the pin-hole 105, after hav- 
ing passed through the lens 106, becomes an S po- 
larized parallel light again. In Fig. 4, 120 represents 
the polarizing direction of the reflection lightfrom the 

50 sample 170 and 121 represents that from the refer- 
ence mirror 38. Since both reflection lights are ortho- 
gonal, they do not interfere with each other as they 
are. However, by inserting a polarization plate 108 
into their optical path to place their polarization direc- 

55 tion in a direction of 45 degrees, both reflection lights 
interfere with each other. The interference pattern 
thus formed, which includes the phase information 
relative to the minute displacement generated on the 
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sample surface, is focused by a lens 109 at Its rear 
focal point 210 and detected by a photo-electric con- 
verting element 111 such as a photodiode. Further, as 
in the first embodiment, a pin-hole 110 is arranged at 
the rear focal point 210 in order to shade the stray 
light created in the objective lens 100, the interfer- 
ence component created in a transparent film on the 
sample and the high order diffraction light component 
create due to the minute rugged sample surface. 

As understood from the above explanation, in the 
heterodyne type Mach-Zehender interferometer in 
this embodiment, the lens 106, the objective lens 100 
and the lens 109 are in a confocal relation. Assuming 
that the output of a laser is I, the photo-electric con- 
verted interference intensity signal is l D can be ex- 
pressed by 

l D = l R + l s + 2^ Vis" cos{27if B t - 
Anb(t)/X + <|>(t)} (3) 
where l R is the intensity of the first order diffraction 
light reflected by the beam splitter 107, l s is the inten- 
sity of the light reflected on the sample 170 and per- 
meated through the polarized light beam splitter 107, 
f B is the modulation frequency of the photoacoustic 
modulation element 82, 5(t) (= A cos 2nf u \) is the min- 
ute displacement on the sample 170, A is a constant 
peculiar to the substance of the sample, fy is the fre- 
quency of the ultrasonic wave generated in the sam- 
ple 170, <|>(t) is the phase due to the light path differ- 
ence in the interferometer, and X is the oscillation fre- 
quency of the laser 81. 

The interference intensity signal l D is amplified 
by a pre-amplifier 112 and thereafter sent to a lock- 
in amplifier 114. The lock-in amplifier 114, using as a 
reference signal a modulated frequency signal from 
an oscillator 113 used for driving the acoustic-optical 
modulation element 82, extracts the modulated fre- 
quency component 8(t) and phase component con- 
tained in the interference intensity signal. The fre- 
quency component and the phase component have 
information relative to the surface or inside of the 
sample according to the frequency. Therefore, if 
there is a defect such as a crack inside the sample, 
the modulated frequency component in the interfer- 
ence intensity signal provides a signal change so that 
the presence of the defect can be noticed. A shifting 
signal for an XY stage 29 and an output signal from 
the lock-in amplifier 114 are processed by a computer 
115. Accordingly, the photoacoustic signals corre- 
sponding to the respective positions on the sample 
are displayed on a display (e.g. a monitor television) 
116 as image information. 

An auto-focusing system 430 in this embodiment 
is the same as that in the first embodiment shown in 
Fig. 1 in their construction and function and so ex- 
planation therefor will be omitted. 

In accordance with this embodiment, as in the 
first embodiment, the modulated laser irradiation opt- 



ical system 400 is constructed in a confocal optical 
system so that a minute beam spot free from the high 
order diffraction light component on its periphery can 
be focused on a sample whereby the transverse re- 

5 solution and detection sensitivity of a photoacoustic 
signal can be improved. Further, the Mach-Zehender 
interferometer is also constructed in a confocal opti- 
cal system so that an auto-focusing function with a 
high accuracy can be added. Namely, a stabilized las- 

10 er beam can always be focused on a rugged sample 
surface whereby the photoacoustic signal, i.e. inter- 
ference intensity signal can be improved in its trans- 
verse resolution, detection sensitivity and S/N. More- 
over, this embodiment has advantages that the con- 

15 struction of the optical systems is simplified since 
only one laser is employed and that it is resistant to 
external disturbance such as vibration since the 
adopted Mach-Zehender interferometer does not use 
a reference mirror. 

20 Accordingly, in accordance with the present in- 

vention, both the modulated laser irradiation optical 
system and the interferometer are constructed as 
confocal optical systems so that the photoacoustic 
signal can be improved in its transverse resolution, 

25 detecting sensitivity and S/N, and also the present in- 
vention can be applied to a sample with a rugged sur- 
face, thus permitting information relative to the sur- 
face and inside of the sample to be measured with a 
high accuracy. 

30 incidentally, although in the above explanation 

about the present invention, a laser was used as a 
light source for photoacoustic effect excitation and for 
detection, the other light source such as a mercury 
lamp may be used. 

35 

Claims 

1 . An apparatus for detecting information relative to 
40 a surface or sub-surface of a sample using a pho- 

toacoustic effect, the apparatus comprising: 
an excitation light source (21 , 81) for emitting an 
excitation light; 

an acousto-optical modulation means (22, 82) for 
45 intensity modulating the excitation light emitted 

from the excitation light source means at a pre- 
determined frequency; 

focusing means (300; 24; 25; 26; 28; 400; 86; 87; 
88; 100) to focus said intensity-modulated excita- 

50 tion light as a spot on the sample (170) surface 

thereby generating a thermal distortion due to a 
photoacoustic effect, said focusing means com- 
prising a first confocal optical means having a 
pin-hole for removing high order diffraction light 

55 components around said intensity-modulated ex- 

citation light spot; light interference detection 
means (310; 31; 33; 34; 35; 36; 55; 28; 37; 38; 
180; 40; 41; 410; 104; 105; 106; 107; 86; 87; 88; 
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89; 90; 100; 108; 110; 111) for detecting an inter- 
ference intensity signal caused by said generated 
thermal distortion, said light interference detec- 
tion means comprising a probe light source for 
emitting a probe light and a plurality of lenses in- 5 
confocal relation which together with an objective 
lens for irradiate the sample surface by converg- 
ing said probe light into a probe light spot on the 
sample surface whereby the probe light spot and 
the intensity-modulated excitation light spot sub- w 
stantially occupy the same sample surface posi- 
tion, a second pin-hole for removing high order 
diffraction light components around said probe 
light spot, and a light interference detection 
means for detecting interfered light generated by 15 
said probe light spot reflected from the sample 
surface which contains the interference intensity 
signal, said light interference detection means in- 
cluding a third pin-hole for removing high order 
light diffraction components from the interfered 20 
light; 

light interference detection means for detecting 
the information relative to either the sample sur- 
face or sub-surface in accordance with a modu- 
lated frequency component contained in the in- 25 
terference intensity signal, said light interference 
detection means containing an extracting means 
for extracting said modulated frequency compo- 
nent contained in said interference intensity sig- 
nal detected by said light interference detection 30 
means, said extraction means using said prede- 
termined modulating frequency of said acousto- 
optical modulation means as a reference. 

2. The apparatus according to claim 1 , wherein said 35 
first removing means includes a first pin-hole (25, 

81) for removing the high order diffraction light 
components (161a, 161b) around the fine inten- 
sity-modulated excitation light spot. 

40 

3. The apparatus according to claim 1 , wherein said 
second removing means includes a second pin- 
hole (34, 81) for removing high order diffraction 
light components around the probe light spot. 

45 

4. The apparatus according to claim 1 , wherein said 
light interference detection means (310; 410) 
comprises: 

a photo-electric converting element (41, 111) for 
detecting the focused interfered light containing 50 
information relative to the thermal distortion in 
said sample; and 

wherein said third removing means includes a 
third pin-hole (40; 110) for removing high order 
diffraction light components around the fine in- 55 
terference light spot. 

5. The apparatus according to claim 1 , wherein said 



focusing means comprises: 
a plurality of lenses (24, 26) in confocal relation; 
a first pin-hole (25) arranged at the confocal point 
of said plurality of lenses, for removing high order 
diffraction light components around the intensi- 
ty-modulated excitation light spot; and 
an objective lens (28) for focusing on said sample 
the intensity-modulated excitation light, the high 
order diffraction light components of which has 
been removed by said first pin-hole, 
said light interference detection means compris- 
es: a plurality of lenses (33; 35) in a confocal re- 
lation; 

a second pin-hole (34) arranged at the confocal 
point of said plurality of lenses, for removing high 
order diffraction light components around the in- 
terference light spot; 

a beam splitter (36) for separating the probe light 
from said probe light source into a first and sec- 
ond light beam, said first light beam is used as a 
reference light, the seond light beam is focused 
and reflected on said sample as the probe light 
and contains information relative to the thermal 
distortion of the sample due to photoacoustic ef- 
fect; 

a polarizing plate (1 80) for polarizing the first and 
second light beams; and 
a photo-electric converting element (41) for de- 
tecting an interference light generated by inter- 
ference between said first and second light 
beams which have permeated through said polar- 
izing plate. 

6. The apparatus according to claim 1 , further com- 
prising an auto-focusing adjusting means (330, 
430) which includes two photo-electric convert- 
ing elements for detecting the light reflected from 
said sample and, by comparing detection cur- 
rents from said two photo-electric converting ele- 
ments, adjusts a position of said focusing means 
or of said sample so that a diameter of the fine in- 
tensity-modulated excitation light spot formed on 
the sample by said focusing means is always con- 
stant. 

7. The apparatus according to claim 1 , further com- 
prising an auto-focusing adjusting means which 
comprises: 

a Z stage (30) for adjusting the vertical position 
of said sample; 

a first beam splitter (56, 120) for separating the 

probe light reflected from sample surface into a 

first and second light beam; 

a second beam splitter (42) for further separating 

the first light beam into a third and fourth light 

beam; 

a first lens (43) for focusing the third light beam 
from said second beam splitter; 
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a first photo-electric converting element (45) 
which is located behind the rear focal point of said 
first lens; 

a second lens (46) for focusing the fourth light 
beam from said second beam splitter; 5 
a second photo-electric converting element (48) 
which is located before the rear focal point of said 
second lens; and 

a comparing circuit (54) for comparing a first and 
second current detected by said first and second 10 
photoelectric converting elements respectively 
whereby a position of said focusing means or of 
said sample is adjusted in accordance with said 
comparison so that a diameter of the fine intensi- 
ty-modulated excitation light spot formed on said 15 
sample by said focusing means is always con- 
stant. 

8. The apparatus according to claim 7, further com- 
prising a light source dedicated to auto-focusing 20 
and which is separate from the probe light source 
(31,81). 

9. The apparatus according to claim 1 , wherein said 
probe light source and said intensity- modulated 25 
excitation light source are lasers. 

1 0. The apparatus according to claim 1 , wherein said 
probe light source and said intensity-modulated 
light source are mercury lamps. 30 

11. The apparatus according to claim 1 , wherein said 
modulation means is an acousto-optical modula- 
tion element. 

35 

12. The apparatus according to claim 1 , wherein said 
modulation means modulates the excitation light 
emitted from said tight source and also separates 
it into a zero order light as the intensity- modulat- 
ed excitation light and the probe light, and a first 40 
order diffraction light, as a reference light for gen- 
erating the focused interfered light, 

pin-holes (87, 105) included in said first and sec- 
ond removing means removes high order diffrac- 
tion light components around light spots of said 45 
zero order light and said first order diffraction 
light, respectively; said focusing means (100) fo- 
cuses said light on the sample, 
said light interference detection means irradiates 
said zero order light as the probe light on the sam- 50 
pie, thereby detecting said thermal distortion of 
the sample. 

1 3. An apparatus for detecting information relative to 

a surface or subsurface of a sample using a pho- 55 
toacoustic effect comprising: 
an excitation light source (81) for emitting an ex- 
citation light; 



an acousto-optical modulation means (82) for in- 
tensity-modulating the excitation light emitted 
from said excitation light source means at a pre- 
determined frequency; 

focusing means (400) for focusing said intensity- 
modulated excitation light as a spot on a sample 
surface thereby generating a thermal distortion 
due to a photoacoustic effect, said focusing 
means comprising a first confocal optical means 
having a pin-hole for removing high order diffrac- 
tion light components around said intensity- 
modulated excitation light spot; 
light interference detection means (410) for de- 
tecting an interference intensity signal caused by 
said generated thermal distortion, said light inter- 
ference detection means comprising a probe light 
source means for emitting a probe light, 
and plurality of lenses in confocal relation which 
together with an objective lens irradiate the sam- 
ple surface by converging said probe light spot 
whereby the probe light spot and the intensity- 
modulated excitation light spot substantially oc- 
cupy the same sample surface, a second pin-ho- 
le for removing high order diffraction light compo- 
nents around said f ine probe lightspot, and a light 
interference detection means for detecting inter- 
fered light generated by interference between 
said probe light spot reflected from the sample 
surface and a reference light spot, and which con- 
tains the interference intensity signal, said light 
interference detection means including a third 
pin-hole for removing high order light diffraction 
components from the interfered light; 
said light interference detection means detecting 
the information relative to the sample surface or 
sub-surface in accordance with a modulated fre- 
quency component contained in the interference 
intensity signal, said light interference detection 
means containing an extracting means for ex- 
tracting said modulated frequency component 
contained in said interference intensity signal de- 
tected by said light interference detection means, 
said extraction means using said predetermined 
modulating frequency of said acousto-optical 
modulation means as a reference; and auto- 
focusing adjusting means (430) for adjustment so 
that said intensity-modulated excitation lightspot 
and said probe lightspot are focused correctly on 
said sample. 

14. The apparatus according to claim 13, wherein 
said focusing means comprises: 
a first lens (86) for focusing said intensity-modu- 
lated excitation light at a rear focal point thereof, 
a first pin-hole (87) located at said rear focal point 
of the first lens, 

a second lens (88) for changing the intensity- 
modulated excitation light having passed through 
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said first pin-hole into a parallel intensity- modu- 
lated excitation light, and 
an objective lens (100) in confocal relation with 
said first and second lens, for focusing said inten- 
sity-modulated excitation light dnto the sample; 5 
and 

said light interference detection means compris- 
es: 

a third lens (104) for focusing said reference light 
at a rear focal point thereof, 10 
a second pin-hole (1 05) located at said rear focal 
point of the third lens, 

a fourth lens (106) for changing the reference 
light having passed through said second pin-hole 
into parallel interference light, 15 
a polarization plate (108) for polarizing said refer- 
ence light having passed through said fourth lens 
and said probe light having been reflected from 
the sample and containing an information relative 
to the thermal distortion in the sample due to pho- 20 
toacoustic effect, and 

a photo-electric converting element (111) for de- 
tecting, an interference light generated by inter- 
ference between said reference light and said 
probe light which have passed through said polar- 25 
ization plate (108). 



Patentanspruche 

30 

1 . Vorrichtung zur Erfassung von Informationen be- 
zuglich einer Oberflache Oder eines unter einer 
Oberflache gelegenen Bereichs einer Probe un- 
ter Ausnutzung eines photoakustischen Effekts, 
wobei die Vorrichtung aufweist: 35 
eine Anregungslichtquelle (21, 81) zum Aussen- 
den eines Anregungslichts; 
eine akusto-optische Modulationseinrichtung 
(22, 82) zur Intensitatsmodulation des von der 
Anregungslichtquelle ausgesandten Anregungs- 40 
lichts mit einer vorbestimmten Frequenz; 
eine Fokussiereinrichtung (300; 24; 25; 26; 28; 
40; 86; 87; 88; 100) zur Fokussierung des 
intensitats-modulierten Anregungslichts als ein 
Punkt auf die Oberflache der Probe (170), urn da- 45 
durch aufgrund eines photo-akustischen Effekts 
eine Oberflachenstorung zu erzeugen, wobei die 
Fokussiereinrichtung eine erste konfokale opti- 
sche Einrichtung mit einem Punktloch aufweist, 
urn Brechungslichtkomponenten hoherer Ord- 50 
nung urn den intensitats-modulierten Anregungs- 
lichtpunkt herum zu entfernen; 
eine Lichtinterferenz-Erfassungseinrichtung 
(310; 31; 33; 34; 35; 36; 55; 28;, 37; 38; 180; 40; 
41; 410; 104; 105; 106; 107; 86; 87; 88; 89; 90; 55 
100; 108; 110; 111), urn ein Interferenzintensi- 
tatssignal zu erfassen, das durch die erzeugte 
thermische Storung hervorgerufen wird, wobei 



die Lichtinterferenz-Erfassungseinrichtung eine 
Sondenlichtquelle zum Aussenden eines Son- 
denlichts aufweist sowie mehrere Linsen, die 
konfokal angeordnet sind und die zusammen mit 
einer Objektivlinse die Probenoberflache be- 
strahlen, indem das Sondenlicht auf einen Son- 
denlichtpunkt auf der Probenoberflache konver- 
giert wird, wodurch der Sondenlichtpunkt und der 
intensitats-modulierte Anregungslichtpunkt im 
wesentlichen die gleiche Probenoberflachenpo- 
sition einnehmen; 

ein zweites Punktloch zum Entfernen von Bre- 
chungslichtkomponenten hohrerer Ordnung urn 
den Sondenlichtpunkt herum, und eine Lichtin- 
terferenz-Erfassungseinrichtung zur Erfassung 
des vom Sondenlichtpunkt erzeugten und von 
der Probenoberflache reflektierten Interferenz- 
lichts, das das Interferenzintensitatssignal ent- 
halt, wobei die Lichtinterferenz-Erfassungsein- 
richtung ein drittes Punktloch zur Entfernung von 
Lichtbrechungskomponenten hoherer Ordnung 
aus dem Interferenzlicht umfaflt; 
eine Lichtinterferenz-Erfassungseinrichtung zur 
Erfassung der Information entweder bezuglich 
der Probenoberflache Oder bezuglich des Be- 
reichs unter der Oberflache entsprechend einem 
modulierten Frequenzanteil, der im Interferenz- 
intensitatssignal enthalten ist, wobei die Lichtin- 
terferenz-Erfassungseinrichtung eine Extrahier- 
einrichtung aufweist zum Extrahieren des modu- 
lierten Frequenzanteils, der in dem durch die 
Lichtinterferenz-Erfassungseinrichtung erfafiten 
Interferenzintensitatssignal enthalten ist, wobei 
die Extrahiereinrichtung die vorbestimmte Modu- 
lationsfrequenz der akusto-optische n Modulati- 
onseinrichtung als Referenz verwendet. 

2. Vorrichtung nach Anspruch 1, bei der die erste 
Entfernungseinrichtung ein Punktloch (25, 81) 
aufweist zur Entfernung von Brechungslichtan- 
teilen hoherer Ordnung (161a, 161b) urn den klei- 
nen intensitats-modulierten Anregungslichtpunkt 
herum. 

3. Vorrichtung nach Anspruch 1, bei der die zweite 
Entfernungseinrichtung ein zweites Punktloch 
(34, 81) aufweist zur Entfernung von Brechungs- 
lichtkomponenten hoherer Ordnung urn den Son- 
denlichtpunkt herum. 

4. Vorrichtung nach Anspruch 1 , bei der die Lichtin- 
terferenz-Erfassungseinrichtung (310; 410) auf- 
weist: 

ein photoelektrisches Umwandiungselement(41, 
111) zur Erfassung des fokussierten Interferenz- 
lichts, das Informationen bezuglich der thermi- 
schen Storung in der Probe enthalt; und 
wobei die dritte Entfernungseinrichtung ein drit- 
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aufweist 

ein Z-Buhne (30) zur Einstellung der vertikalen 
Positionen der Probe; 

einen ersten Strahlteiler (56, 120) zum Aufteilen 
5 des von der Probenoberf lache ref lektierten Son- 

denlichts in einen ersten und einen zweiten Licht- 
strahl; 

einen zweiten Strahlteiler (42) zur weiteren Auf- 
teilung des ersten Lichtstrahls in einen dritten 
10 und einen vierten Lichtstrahl; 

eine erste Linse (43) zum Fokussieren des dritten 
Lichtstrahls aus dem zweiten Strahlteiler; 
ein erstes photoelektrisches Umwandlungsele- 
ment (45), das hinter dem ruckwartigen Brenn- 
15 punkt der ersten Linse angeordnet ist; 

eine zweite Linse (46) zum Fokussieren des vier- 
ten Lichtstrahls aus dem zweiten Strahlteiler; 
ein zweites elektrisches Umwandlungselement 
(48), das vor dem hinteren Brennpunkt der zwei- 
20 ten Linse angeordnet ist; und 

eine Vergleichsschaltung (54) zum Vergleichen 
eines ersten und eines zweiten Stroms, die durch 
das erste bzw. zweite photoelektrische Umwand- 
lungselement erfaBt wurden, wodurch eine Posi- 
25 tion der Fokussiereinrichtung Oder der Probe ent- 

sprechend dem Vergleich eingestellt wird, so dad 
der Durchmesser des durch die Fokussiereinrich- 
tung auf der Probe ausgebildeten kJeinen 
intensitats-modulierten Anregungslichtpunkts 
30 immer konstant ist. 

8. Vorrichtung nach Anspruch 7, die weiterhin eine 
der Autofokussierung dienende Lichtquelle auf- 
weist, die getrennt von der Sondenlichtquelle (31 , 

35 81) ist. 

9. Vorrichtung nach Anspruch 1, bei der die Son- 
denlichtquelle und die intensitats-modulierte An- 
regungslichtquelle Laser sind. 

40 

10. Vorrichtung nach Anspruch 1, bei der die Son- 
denlichtquelle und die intensitats-modulierte 
Lichtquelle Quecksilberdampflampen sind. 



tes Punktloch (40; 110) aufweist zum Entfernen 
von Brechungslichtkomponenten hoherer Ord- 
nung urn den kieinen Interfererenzlichtpunkt her- 
um. 

5. Vorrichtung nach Anspruch 1 , bei der die Fokus- 
siereinrichtung aufweist: 
mehrere Linsen (24, 26) in konfokaler Beziehung; 
ein erstes Punktloch (25), das am konfokalen 
Punkt der Linsen angebracht ist, urn Brechungs- 
lichtkomponenten hoherer Ordnung urn den 
intensitats-modulierten Anregungslichtpunkt her- 
um zu entfernen; und 

eine Objetivlinse (28) zum Fokussieren des inten- 
sitatsmodulierten Anregungslichts, dessen Bre- 
chungslichtkomponenten hoherer Ordnung 
durch das erste Punktloch entfernt wurden, auf 
die Probe, 

wobei die Lichtinterferenz-Erfassungseinrich- 
tung aufweist: 

mehrere Linsen (33, 35) in konfokaler Beziehung; 
ein zweites Punktloch (34) am konfokalen Punkt 
der Linsen zum Entfernen von Brechungslicht- 
komponenten hoherer Ordnung urn den Interfe- 
re nzlichtpunkt herum; 

einen Strahlteiler (36) zum Aufteilen des Son- 
denlichts aus der Sondenlichtquelle in einem er- 
sten einem zweiten Lichtstrahl, wobei der erste 
Lichtstrahl ais Referenzlicht verwendet wird und 
der zweite Lichtstrahl als Sondenlicht fokussiert 
und auf die Probe ref lektiert wird und Informatio- 
nen bezuglich der thermischen Storung auf der 
Probe aufgrund eines photo-akustischen Effekts 
enthalt; 

eine Polarisationsplatte (180) zum Polarisieren 
des ersten und zweiten Lichtstrahls; und 
ein photoelektrisches Umwandlungselement (41) 
zur Erfassung eines durch Interferenz zwischen 
dem ersten und dem zweiten Lichtstrahl, die die 
Polarisationsplatte durchlaufen haben, erzeug- 
ten Interferenzlichts. 

6. Vorrichtung nach Anspruch 1, die weiterhin auf- 
weist: 

ene Autofokussier-Einstellungeinrichtung (330, 45 
430), die zwei photoelektrische Umwandlungs- 
elemente aufweist zur Erfassung des von der 
Probe reflektierten Lichts und zur Einstellung ei- 
ner Position der Fokussiereinrichtung oder der 
Probe aufgrund des Vergleichs der erfa&ten so 
Strome der zwei photoelektrischen Umwand- 
lungselemente, derart, daB der Durchmesser des 
kieinen, durch die Fokussiereinrichtung auf der 
Probe gebildeten Anregungslichtspunkts immer 
konstant ist. 55 

7. Vorrichtung nach Anspruch 1, die au&erdem eine 
Autofokussier-Einstelleinrichtung aufweist, die 



11. Vorrichtung nach Anspruch 1, bei der die Modu- 
lationseinrichtung ein akusto-optisches Modula- 
tionselement isL 

12. Vorrichtung nach Anspruch 1, bei der die Modu- 
lationseinrichtung das von der Lichtquelle ausge- 
sandte Anregungslicht moduliert und auch in ein 
Licht nullter Ordnung als intensitats-moduliertes 
Anregungslicht und als Sondenlicht und ein Bre- 
chungslicht erster Ordnung als Referenzlicht zur 
Erzeugung des fokussierten Interferenzlichts 
aufteilt, 

wobei Punktl6cher(87, 105), die in der ersten und 
der zweiten Entfernungseinrichtung enthalten 
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sind, Brechungslichtkomponenten hoherer Ord- 
nung urn die Lichtpunkte des Lichts nullter Ord- 
nung und des Brechungslichts erster Ordnung 
herum entfernen, und wobei die Fokussierein- 
richtung (100) das Licht auf die Probe fokussie- 5 
ren, 

wobei die Lichtinterferenz-Erfassungseinrich- 
tung das Licht nullter Ordnung als Sondenlicht 
auf die Probe strahlt, urn dadurch die thermische 
Storung auf der Probe zu erfassen. 10 

1 3. Vorrichtung zur Erfassung von Informationen be- 
zuglich einer Oberflache oder eines unter einer 
Oberflache gelegenen Bereichs einer Probe un- 
ter Ausnutzung eines photoakustischen Effekts, 15 
wobei die Vorrichtung aufweist: 
eine Anregungsiichtquelle (81) zum Aussenden 
eines Anregungslichts; 

eine akusto-optische Modulationseinrichtung 
(82) zur Intensitatsmodulation des von der Anre- 20 
gungslichtquelle ausgesandten Anregungslichts 
mit einer vorbestimmten Frequenz; 
eine Fokussiereinrichtung (400) zur Fokussie- 
rung des intensitats-modulierten Anregungs- 
lichts als ein Punkt auf die Oberflache der Probe, 25 
um dadurch aufgrund eines photo-akustischen 
Effekts eine Oberflachenstorung zu erzeugen, 
wobei die Fokussiereinrichtung eine erste konfo- 
kale optische Einrichtung mit einem Punktloch 
aufweist, um Brechungslichtkomponenten none- 30 
rer Ordnung um den intensitats-modulierten An- 
regungslichtpunkt herum zu entfernen; 
eine Lichtinterferenz-Erfassungseinrichtung 
(410) um ein Interferenzintensitatssignal zu er- 
fassen, das durch die erzeugte thermische Sto- 35 
rung hervorgerufen wird, wobei die Lichtinterfe- 
renz-Erfassungseinrichtung eine Sondenlicht- 
quelle aufweist zum Aussenden eines Sonden- 
lichts, 

und mehrere Linsen in konfokaler Beziehung, die 40 
zusammen mit einer Objektivlinse die Proben- 
oberflache bestrahlen, indem der Sondenlicht- 
punkt konvergiert wird, wodurch der Sondenlicht- 
punkt und der intensitats-modulierte Anregungs- 
lichtpunkt im wesentlichen die gleiche Proben- 45 
oberflache einnehmen; 

ein zweites Punktloch zur Entfernung von Bre- 
chungslichtkomponenten hoherer Ordnung um 
den kleinen Sondenlichtpunkt herum, und eine 
Lichtinterferenz-Erfassungseinrichtung zur Er- 50 
fassung von Interferenzlicht, das durch die Inter- 
ferenz zwischen dem von der Probenoberflache 
reflektierten Sondenlichtpunkt und einem Refe- 
renzlichtpunkt erzeugt wird und das das Interfe- 
renzintensitatssignal enthalt, wobei die Lichtin- 55 
terferenz-Erfassungseinrichtung ein drittes 
Punktloch aufweist zur Entfernung von Lichtbre- 
chungskomponenten hoherer Ordnung aus dem 



Interferenzlicht, 

eine Lichtinterferenz-Erfassungseinrichtung zur 
Erfassung der Information entweder bezuglich 
der Probenoberflache oder bezuglich des Be- 
reichs unter der Oberflache entsprechend einem 
modulierten Frequenzanteil, der im Interferenz- 
intensitatssignal enthalten ist, wobei die Lichtin- 
terferenz-Erfassungseinrichtung eine Extrahier- 
einrichtung aufweist zum Extrahieren des modu- 
lierten Frequenzanteiis, der in dem durch die 
Lichtinterferenz-Erfassungseinrichtung erfaliten 
Interferenzintensitatssignal enthalten ist, wobei 
die Extrahiereinrichtung die vorbestimmte Modu- 
lationsfrequenz der akusto-optische n Modulati- 
onseinrichtung als Referenz verwendet; und 
eine Autofokussier-Einstelleinrichtung (430) zum 
Einstellen derart, dad der intensitats-modulierte 
Anregungslichtpunkt und der Sondenlichtpunkt 
genau auf die Probe fokussiert sind. 

14. Vorrichtung nach Anspruch 13, bei der die Fokus- 
siereinrichtung aufweist: 
eine erste Linse (86) zur Fokussierung des inten- 
sity smodulierten Anregungslichts an ihrem ruck- 
wartigen Brenn punkt, 

ein erstes Punktloch (87), das am hinteren 
Brennpunkt der ersten Linse angeordnet ist, 
eine zweite Linse (88) zur Umwandlung des in- 
tensitatsmodulierten Anregungslichts, das das 
erste Punktloch durchlaufen hat, in ein paralleles, 
intensitats-moduliertes Anregungslicht, und 
eine Objetivlinse (100) in konfokaler Beziehung 
mit der ersten und der zweiten Linse zur Fokus- 
sierung des intensitats-modulierten Anregungs- 
lichts auf die Probe; und 
wobei die Lichtinterferenz-Erfassungseinrich- 
tung aufweist: 

eine dritte Linse (104) zur Fokussierung des Re- 
ferenzlichts an ihrem hinteren Brennpunkt; 
ein zweites Punktloch (105), das am hinteren 
Brennpunkt der dritten Linse angeordnet ist, 
eine vierte Linse (106) zur Umwandlung des Re- 
ferenzlichts, das das zweite Punktloch durchlau- 
fen hat, in ein pralleles Interferenzlicht, 
eine Polarisationsplatte (108) zur Polarisierung 
des Referenzlichts, das die vierte Linse durchlau- 
fen hat, und des Sondenlichts, das von der Probe 
ref lektiert wurde und das eine Information bezug- 
lich der thermischen Storung in der Probe auf- 
grund eines photo-akustischen Effekts enthalt, 
und 

ein photoelektrisches Umwandlungselement 
(111) zur Erfassung eines Interferenzlichts, das 
durch Interferenz zwischen dem Referenziicht 
und dem Sondenlicht, die bei die Polarisations- 
platte (108) durchlaufen haben, erzeugt wird. 
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Revendications 

1. Dispositif pour detecter une information relative 
a une surface ou une surface secondare d'un 
echantillon moyennant I'utilisation d'un effet pho- 
to-acoustique, le dispositif comprenant 
une source de lumiere d'excitation (21,81) ser- 
vant a emettre une lumiere d'excitation, 
des moyens de modulation acousto-optique(22, 
82) pour moduler en intensite la lumiere d'excita- 
tion emise par les moyens formant source de lu- 
miere d'excitation, a une frequence predetermi- 
nee, 

des moyens de focalisation (300;24;25;26;28; 
400;86;87;88; 100) pour focal iser ladite lumiere 
d'excitation modulee en intensite sous la forme 
d'un spot sur la surface de I'echantillon (170) de 
maniere a produire une deformation thermique 
en raison d'un effet photo-acoustique, lesdits 
moyens de focalisation comprenant des premiers 
moyens optiques a foyer commun possedant un 
trou d'epingle pour eliminer des composantes de 
lumiere de diffraction d'ordre eleve autour dudit 
spotde lumiere d'excitation module en intensite; 
des moyens de detection d'interferences lumi- 
neuses (310;31;33;34;35;36;55;28;37;38;180; 
40;41;410;104;105;106;107;86;87;88;89;90;100; 
-108;110;111) pour detecter un signal d'intensite 
d' interference provoque par ladite deformation 
thermique produite, lesdits moyens de detection 
d'interferences lumineuses comprenant une 
source de lumiere d'exploration servant a emet- 
tre une lumiere d'exploration, une pluralite de len- 
tilles disposees selon une relation a foyer 
commun les unes par rapport auxaut res et un ob- 
jectif pour irradier la surface de I'echantillon par 
conversion de ladite lumiere d'exploration en un 
spot de lumiere d'exploration sur la surface de 
I'echantillon, ce qui a pour effet que le spot de lu- 
miere d'exploration et le spot de lumiere d'excita- 
tion module en intensite occupent sensiblement 
la meme position sur !a surface de I'echantillon, 
un second trou d'epingle pour eliminer des 
composantes de lumiere de diffraction d'ordre 
eleve autour dudit spot de lumiere d'exploration, 
et des moyens de detection d'interferences lumi- 
neuses pour detecter une lumiere interferente 
produite par ledit spot de lumiere d'exploration, 
reflechi par la surface de I'echantillon, et qui 
contient le signal d'intensite d' interference, les- 
dits moyens de detection d'interferences lumi- 
neuses comprenant un troisieme trou d'epingle 
servant a eliminer des composantes de diffrac- 
tion de lumiere d'ordre eleve, de la lumiere inter- 
ferente; 

des moyens de detection d'interferences lumi- 
neuses servant a detecter Information relative a 
la surface de I'echantillon ou a la surface secon- 



dare conformement a une composante de fre- 
quence modulee contenue dans le signal d'inten- 
site d'interference, lesdits moyens de detection 
d'interferences lumineuses contenant des 

5 moyens d'extraction permettant d'extraire ladite 

composante de frequence modulee contenue 
dans ledit signal d'intensite d'interference detec- 
te par lesdits moyens de detection d'interferen- 
ces lumineuses, lesdits moyens d'extraction uti- 

10 lisant ladite frequence de modulation predetermi- 

nee desdits moyens de modulation acousto-opti- 
que en tant que r6ference. 

2. Dispositif selon la revendication 1, dans lequel 
15 lesdits premiers moyens d' elimation compren- 

nent un premier trou d'epingle (25,81) pour elimi- 
ner les composantes de lumiere de diffraction 
d'ordre eleve (1 61 a, 1 61 b) autour du fin spot lumi- 
neux d'excitation module en intensite. 

20 

3. Dispositif selon la revendication 1, dans lequel 
lesdits seconds moyens d'elimination compren- 
nent un second trou d'epingle (34,81) pour elimi- 
ner les composantes de lumiere de diffraction 

25 d'ordre eleve autour du spot de lumiere d'explo- 

ration. 

4. Dispositif selon la revendication 1, dans lequel 
lesdits moyens (310,410) de detection d'interfe- 

30 rences lumineuses comprennent : 

un element de conversion photoelectrique 
(41,111) pour detecter la lumiere interferente fo- 
calisee contenant une information relative a la 
deformation thermique dans ledit echantillon; et 

35 dans lequel lesdits troisiemes moyens d'elimina- 

tion comprennent un troisieme trou d'epingle (40; 
110) pour eliminer des composantes de lumiere 
de diffraction d'ordre eleve autour du fin spot de 
lumiere interferente. 

40 

5. Dispositif selon la revendication 1, dans lequel 
lesdits moyens de focalisation comprennent : 
une pluralite de lentilles (24,26) disposees selon 
une relation a foyer commun; 

45 un premier trou d'epingle (25) dispose au niveau 

du point constituant le foyer commun de ladite 
pluralite de lentilles, pour eliminer les composan- 
tes de lumiere de diffraction d'ordre eleve autour 
du spot de lumiere d'excitation moduleeen inten- 

50 site; et 

un objectif (28) pour focaliser, sur ledit echantil- 
lon, la lumiere d'excitation modulee en intensite 
et dont les composantes de lumiere de diffraction 
d'ordre eleve ont ete eliminees par ledit premier 

55 trou d'epingle, 

lesdits moyens de detection d'interferences lumi- 
neuses comprennent : 

une pluralite de lentilles (33;35) disposees selon 
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une relation a foyer commun; 
un second trou d'epingle (34) dispose au niveau 
du point forma nt foyer commun de ladite pluralite 
de ientilies, pour eliminer les composantes de lu- 
miere de diffraction d'ordre eleve autour du spot 5 
de lumiere interferente; 

un diviseur de faisceau (36) pour diviser la lumie- 
re d'exploration delivree par ladite source de lu- 
miere d'exploration, en des premier et second 
faisceaux de lumiere, ledit premier faisceau de lu- 10 
miere etant utilise en tant que lumiere de referen- 
ce et ledit second faisceau de lumiere etant foca- 
lise et reflechi sur ledit echantillon en tant que lu- 
miere d'exploration et contenant une information 
relative a la deformation thermique de Techantil- 15 
Ion due a un effet photo-acoustique; 
une plaque de polarisation (180) pour polariser 
les premier et second faisceaux de lumiere; et 
un element de conversion photoelectrique (41) 
pour detecter une lumiere interferente produite 20 
par interference entre lesdits premier et second 
faisceaux de lumiere, qui ont traverse ladite pla- 
que de polarisation. 

6. Dispositif selon la revendication 1, comprenant 25 
en outre des moyens d'ajustement d'autofocali- 
sation (330, 430), qui incluent deux elements de 
conversion photoelectrique pour detecter la lu- 
miere ref lechie par ledit Echantillon et, sur la base 
d'une comparaison de courants de detection de- 30 
livres par lesdits deux elements de conversion 
photoelectrique, ajuste une position desdits 
moyens de focaiisation ou dudit echantillon de 
sorte qu'un diametre du f in spot de lumiere d'ex- 
citation modulee en intensite, qui est forme sur 35 
I'echantillon par lesdits moyens de focaiisation, 

est toujours constant. 

7. Dispositif selon la revendication 1, comprenant 

en outre des moyens d'ajustement de focalisa- 40 
tion qui comprennent : 

une table Z (30) pour ajuster la position verticale 
dudit echantillon; 

un premier diviseur de faisceau (56,120) pour di- 
viser la lumiere d'exploration ref I6chie par la sur- 45 
face de I'echantillon en des premier et second 
faisceaux de lumiere, 

un second diviseur de faisceau (42) pour diviser 
en outre le premier faisceau de lumiere en des 
troisieme et quatrieme faisceaux de lumiere; 50 
une premiere lentille (43) pour focal iser le troisie- 
me faisceau de lumiere delivre par ledit second 
diviseur de faisceau; 

un premier element de conversion photoelectri- 
que (45), qui est situe en arriere du point focal 55 
arriere de ladite premiere lentille; 
une seconde lentille (46) pourfocaliser le quatrie- 
me faisceau de lumiere delivre par ledit second 



diviseur de faisceau; 

un second element de conversion photoelectri- 
que (48), qui est situe en avant du point focal 
arriere de ladite seconde lentille; et 
un circuit comparateur (54) pour comparer des 
premier et second courants detectes respective- 
ment par lesdits premier et second elements de 
conversion photoelectrique, ce qui permet I'ajus- 
tement d'une position desdits moyens de focaii- 
sation ou dudit echantillon en fonction de ladite 
comparaison de telle sorte que le diametre du fin 
spotde lumiere d'excitation modulee en intensite, 
qui est forme sur ledit echantillon par lesdits 
moyens de focaiisation, est toujours constant. 

8. Dispositif selon la revendication 7, comprenant 
en outre une source de lumiere affectee a I'auto- 
focalisation et qui est separee de la source de lu- 
miere d'exploration (31,81). 

9. Dispositif selon la revendication 1, dans lequel la- 
dite source de lumiere d'exploration et ladite 
source de lumiere d'excitation modulee en inten- 
site sont des lasers. 

10. Dispositif selon la revendication 1, dans lequel la- 
dite source lumiere d'exploration et ladite source 
de lumiere modulee en intensite sont des lampes 
a mercure. 

11. Dispositif selon la revendication 1, dans lequel 
lesdits moyens de modulation sont un element de 
modulation acousto-optique. 

12. Dispositif selon la revendication 1, dans lequel 
lesdits moyens de modulation modulent la lumie- 
re d'excitation emise par ladite source de lumiere 
et la divisent egalement en une lumiere d'ordre 
zero en tant que lumiere d'excitation modulee en 
intensit6 et lumiere d'exploration, et une lumiere 
de diffraction du premier ordre, en tant que lumie- 
re de reference pour la production de la lumiere 
focal isee interferente, 

des trous d'epingle (87,105) contenus dans les- 
dits premiers et seconds moyens d'elimination 
eliminent des composantes de lumiere de dif- 
fraction d'ordre eleve autour des spots respectifs 
de ladite lumiere d'ordre zero et ladite lumiere de 
diffraction du premier ordre; 
lesdits moyens de focaiisation (1 00) focalisent la- 
dite lumiere sur I'echantillon, 
lesdits moyens de detection d'interferences lumi- 
neuses projettent ladite lumiere d'ordre zero en 
tant que lumiere d'exploration sur I'echantillon, 
ce qui permet de detecter lad ite deformation ther- 
mique de I'echantillon. 

13. Dispositif pour detecter une information concer- 
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nant une surface ou une surface secondaire d'un 
echantillon moyennant {'utilisation d'un effet pho- 
to-acoustique, comprenant : 
une source de lumiere d'excitation (81) servant a 
emettre une lumiere d'excitation, 5 
des moyens d'isolation acousto-optique (82) 
pour moduler en intensity la lumiere d'excitation 
emise par les moyens forma nt sources de lumie- 
re d'excitation, a une frequence predetermined, 
des moyens de focalisation (400) pour focaliser 10 
ladite lumiere d'excitation moduiee en intensite 
sous la forme d'un spot sur la surface de I'echan- 
tillon de maniere a produire une deformation ther- 
mique en raison d'un effet photo-acoustique, les- 
dits moyens de focalisation comprenant des pre- 15 
miers moyens optiques a foyer commun poss6- 
dant un trou d'epingle pour eliminer des compo- 
santes de lumiere de diffraction d'ordre 6leve au- 
tour dudit spot de lumiere d'excitation moduleeen 
intensite; 20 
des moyens de detection d'interferences lumi- 
neuses (410) pour detecter un signal d'intensite 
interferentiel provoque par ladite deformation 
thermique produite, lesdits moyens de detection 
d'interferences lumineuses comprenant une 25 
source de lumiere d'exploration servant a Emet- 
tre une lumiere d'exploration, et une plurality de 
Antilles disposees selon une relation a foyer 
commun les unes par rapport auxautres etun ob- 
jectif pour irradier la surface de I'echantillon par 30 
convergence dudit spot de lumiere d'exploration, 
ce qui a pour effet que le spot de lumiere d'explo- 
ration et le spot de lumiere d'excitation moduiee 
en intensite occupent sensiblement la meme sur- 
face de I'echantillon, un second trou d'epingle 35 
pour eliminer des composantes de lumiere de dif- 
fraction d'ordre 6lev6 autour dudit fin spot de lu- 
miere d'exploration, et des moyens de detection 
d'interferences lumineuses pour detecter une lu- 
miere interferente produite par interference entre 40 
ledit spot de lumiere d'exploration, reftechi par la 
surface de I'echantillon, et un spot de fumiere de 
reference, et qui contient le signal d'intensite d'in- 
terterence, lesdits moyens de detection d'interfe- 
rences lumineuses comprenant un troisieme trou 45 
d'epingle servant a eliminer des composantes de 
diffraction de lumiere d'ordre eiev6, de la lumiere 
interferente; 

des moyens de detection d'interferences lumi- 
neuses servant a detecter {'information relative a 50 
la surface de I'echantillon ou a la surface secon- 
daire conform6ment a une composante de fre- 
quence moduiee contenue dans le signal d'inten- 
site d' interfere nee, lesdits moyens de detection 
d'interferences lumineuses contenant des 55 
moyens d'extraction permettant d'extraire ladite 
composante de frequence moduiee contenue 
dans ledit signal d'intensite d' interfere nee detec- 



t6 par lesdits moyens de detection d'interferen- 
ces lumineuses, lesdits moyens d'extraction uti- 
lisant ladite frequence de modulation predetermi- 
n6e desdits moyens de modulation acousto-opti- 
que en tant que reference; et des moyens d'ajus- 
tement d'autofocalisation (430) pour realiser 
I'ajustement de telle sorte que ledit spot de lumie- 
re d'excitation moduiee en intensite et ledit spot 
de lumiere d'exploration sont focal ises correcte- 
ment sur ledit echantillon. 

14. Dispositif selon la revendication 13, dans lequel 
lesdits moyens de focalisation comprennent : 
une premiere lentille (86) pour focaliser ladite lu- 
miere d'excitation moduiee en intensite en un 
point focal arriere de la premiere lentille, 
un premiertrou d'epingle (87) situe au niveau du- 
dit point focal arriere de la premiere lentille, 
une seconde lentille (88) pour modifier la lumiere 
d'excitation moduiee en intensite, qui a traverse 
led'rt premier trou d'epingle, sous la forme d'une 
lumiere d'excitation parallele moduiee en intensi- 
te, et 

un objectif (100) dispose selon une relation a 
foyer commun avec lesdites premiere et seconde 
lentilles, pour focaliser ladite lumiere d'excitation 
moduiee en intensite sur I'echantillon; et 
lesdits moyens de detection d'interferences lumi- 
neuses comprennent : 

une troisieme lentille (104) pour focaliser ladite 
lumiere de reference en un point focal arriere de 
cette lentille, un second trou d'epingle (1 05) situ6 
au niveau dudit point focal arriere de la troisieme 
lentille; 

une quatrieme lentille (106) pour modifier la lu- 
miere de reference qui a traverse ledit second 
trou d'epingle, en une lumiere interferente paral- 
lele, 

une plaque de polarisation (108) pour polariser 
ladite lumiere de reference qui a traverse ladite 
quatrieme lentille, et ladite lumiere d'exploration 
qui a ete refiechie par I'echantillon et qui contient 
une information relative a la deformation thermi- 
que de I'echantillon due a I'effet photo-acousti- 
que, et 

un element de conversion photoeiectrique (111) 
pour detecter une lumiere interferente produite 
par interference entre ladite lumiere de reference 
et ladite lumiere d'exploration, qui ont traverse la- 
dite plaque de polarisation (108). 
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